To help future generations make accurate value judgments about nuclear power generation and radiation, this study will provide an effective education plan suitable for South Korea by applying and analyzing programs for the understanding of nuclear power within the diversely operated programs in the current Korean education system.
Introduction
Despite energy production and supply being a key determinant of human civilizations' success throughout history [1] , South Korea is facing severe social conflicts related to nuclear power such as the decision to shut down its first nuclear power reactor in Kori, and difficulties establishing a high-level radioactive waste disposal repository. Nuclear power provides socioeconomic usefulness by producing energy, but it also carries risks related to uncertainty of accidents and radioactive waste and waste [2] . Moreover, considering the level of severity of nuclear power plant accidents, safety of these facilities must be supported by all stakeholders. Risks regarding radiation are often unfamiliar to the general public [3, 4] due to their technical nature, thereby generating fear due to ignorance [5] . Because South Korea requires nuclear power for national energy security and economic growth, it is important to promote social acceptability of nuclear power, and the country's nuclear power facilities and policies are based on the JRPR acceptability of local residents [6] . A negative perception of nuclear power and radioactivity increased after the Fukushima nuclear disaster [7] [8] [9] [10] [11] , implying that the perception of nuclear power's risk is driven by cognitive anchoring from powerful and negative images as well as insufficient mediation following such a disaster. Thus, the public perception and acceptability of risk is predominantly influenced by nuclear power technologies or facilities themselves [12, 13] , rather than by scientific and technical assessment [14] .
To avoid such socio-scientific issues, science education researchers are emphasizing that it is necessary to cultivate the ability to make value judgments and take rational measures based on understanding of science and technology, rather than from negative visual stimuli [15] [16] [17] [18] [19] .
Since energy's social, political and technological elements are intricately associated with one another, the resolution of energy-related issues is dependent on the level of support that is provided by the public-both socially and politically-in addition to understanding the fundamental issues regarding nuclear power [20, 21] . However, it is difficult to improve adults' acceptability through education; thus, there is a need for a special policy decision. Before the failure to secure social acceptability caused by ignorance about nuclear power and radiation leads to misdirected political influence, schools must provide accurate and easily understandable information for future generations to make their own value judgments. Fortunately, the general trend of recent curriculum development in South Korea is leaning toward suppressing the government's operation of and influence on school curricula while providing more autonomy and authority to the community and school administrations [22] . The appropriate curriculum in schools can help students understand nuclear power generation and radiation; in particular, recently implemented school curricula offer various programs such as creative workstudy programs, a free semester system and club activities. The curriculum for creative work-study programs consists of four areas: self-regulated activities, club activities, volunteer activities and career activities. Specific details of the activities for each area are chosen and operated by each school according to the characteristics of students, classes, years, and local communities]. Therefore, to help future generations make accurate value judgments about nuclear power, this study will provide an effective education plan suitable for South Korea by applying and analyzing programs for the understanding of nuclear power and radiation within the diversely operated programs in the current Korean education system.
Research Methods
Two types of education programs have been applied: one is a model school that aims to help elementary, middle and high school students understand nuclear power and radiation within the regular curriculum (i.e. 13 sessions), and the other is a one-time, short-term education program. In summary, this study analyzed the difference in educational effects by operating a 13-session regular curriculum for one semester and a one-session short-term curriculum from March to July 2016. One-session short-term curriculum were held for one or two hours of instruction.
This study selected one elementary school, one middle school and one high school for application of the model school, carrying out a total of 13 sessions during the regular semester. The one-time program targeted students from a total of 30 schools (10 for each level) in the same grades as the model school: elementary school students in their 6th year, middle school students in their 2nd year and high school students in their 1st year. The subjects of the 13-session model school consisted of 52 elementary school students (41%), 42 middle school students (33%), and 33 high school students (26%). The subjects of the short-term education consisted of 272 elementary school students (33%), 280 middle school students (34%) and 271 high school students (33%).
The educational content of the model school was organized into 13 sessions for a total of two years (2014-2015) as shown in Table 1 . The curriculum and contents of the textbook used are based on data developed by HAN (2014 HAN ( , 2015 [23, 24] . Various methods of content implementation were used, such as lectures by experts and science teachers, cloud chamber experiments, measurement of natural radiation, observation of changes in irradiated food, discussions and presentations. Suitable methods were applied according to the characteristics of each session and the school level.
The one-time session consisted of content from the model school, such as theoretical content including advantages and disadvantages of nuclear power generation, principles and statuses of medical radiation and use of irradiated food, as well as practical training in measuring natural radiation. The content of one-time session is similar in elementary, middle and high schools. To analyze the difference in educational effects between the model school and the one-time program, a survey was distributed in order to categorize students' knowledge, attitudes and behaviors based on the traditional learning model; in addition, their knowledge about
Results

Changes in acceptability of nuclear power according to model school and short-term programs
As a result of operating a 13-session model school and a one-time educational program to analyze behavior changes against the traditional learning model, it was found that all elementary, middle and high school students showed higher acceptability of nuclear power in South Korea. The frequency was greater for the model school than the short-term program. There was a higher rate of approval for nuclear energy after education than before education as shown in Table 2 . Acceptability of nuclear power generation in the residential district was lower than the national average, but there was still a higher percentage of agreement following the programs. This suggests that it is possible to increase acceptability in nuclear power for elementary, middle and high school students by operating both the model school and short-term educational program. The Theory of Reasoned Action is that people behave by considering in advance the advantages and disadvantages that will be brought by the outcome of a future behavior [25] . Even though this study compared the results after providing education about both aspects-advantages and disadvantages-of nuclear power generation and 
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radiation use, the acceptability of nuclear power in South Korea increased. Generally, the higher the perceived benefits of nuclear power, the greater its acceptability [26, 27] . However, various factors such as emotions, experiences, socio-cultural environment and value systems also play an important role in people's value judgments [28, 29] ; thus, it is necessary to help people make independent, rational judgments by providing a wealth of information across categories. In general, attitude changes toward nuclear power were found to vary among the general public of different nations [30, 31] , but the public's attitude toward science also differs depending on the level of knowledge (i.e. the more knowledge one has, the more likely it is that he or she will be able to make a rational judgment) [32] . Therefore, regardless of the type of educational delivery, it is necessary to provide balanced information about nuclear power. In addition, an individual's level of risk acceptance is determined by his or her perception, and this study predicts that there have been some changes in perception as a result of the educational programs [33, 34] .
Comparison of knowledge and attitude changes between model school and short-term program
As a result of operating a 13-session model school and a one-time educational program to compare levels of knowledge and attitudes regarding nuclear power generation, medical radiation and irradiated food, it was found that the 13-session model school showed higher levels than the onetime program in all three areas for elementary, middle and high school students as shown in Table 3 . There was a statistically significant difference excluding certain areas; that is, a greater educational effort was necessary to apply the 13-session model school than the short-term program across all school levels in order to effect change in knowledge and attitudes toward nuclear power generation and radiation use. The current era demands programs that can improve students' social and moral empathy toward socio-ethical issues related to science, and this requires not only an understanding of science and technology, but also an effective teaching strategy to promote understanding, such as embracing diverse viewpoints. Since the educational effect of the 13-session model school was found to be greater than that of the one-time program in this study, the former seems more suitable in promoting understanding of diverse viewpoints. Shower (1995) compared different levels of knowledge and attitudes of high school students regarding nuclear energy and discovered that persuasion is effective in effecting change [35] . This study verified that the model school using various educational implementation methods and the one- 2.14 ± 0.766 2.12 ± 0.810 2.37 ± 0.725 *Knowledge and attitude are rated on the scale of 0 to 5. Knowledge consists of three items for each area. Nuclear power generation: Nuclear power generation is one way to produce energy. Radiation exists everywhere including in sunlight, on the schoolyard and in the classroom. South Korea is currently operating nuclear power plants. Residents near nuclear power plants are exposed to more radiation than those living in other regions (Wrong question). The US, Canada, France and Germany also operate nuclear power plants.
Medical radiation: Radiation is used in hospitals to diagnose and treat illnesses, and the type used here does not subject the public to exposure (Wrong question). Radiation used for testing and cancer treatment is not harmful to the human body (Wrong question). The amount of radiation received in a hospital is much less than the amount received around a nuclear power plant (Wrong question). Advanced countries also use radiation to diagnose and treat illnesses. Irradiated food: Irradiated food discharges radiation because is contaminated by radioactive substances (Wrong question). Irradiation is one way to store and process foods. Irradiation is permitted in gochujang (red pepper paste), doenjang (soybean paste) and soy sauce powder in South Korea. Globally, irradiation is permitted in potatoes, wheat and flour.) In order to increase the reliability of the question, the right and wrong questions were measured together.
https://doi.org/10.14407/jrpr.2017.42.1.56 time program using only lectures and measurement experiments both were effective in resulting attitude changes. In order for students-as future citizens-to adopt proper socio-political behaviors, it is necessary to consider their value systems and include them in the curriculum development and implementation so that they can actively participate in problem-solving discourses that affect society [36, 37] . However, since the regular South Korean curricula are focused on entrance exams, it is difficult to include subjects that require complicated value judgments like nuclear power generation and radiation. The most challenging aspect of organizing a curriculum that includes these topics is to select the contents [22] , as they must be accessible to all students and respond to particular needs. For example, they must arouse the interest and attention of students while also evoking and satisfying their curiosity [38] . The contents must be crucial to solving problems and achieving prescribed goals. In addition, the curriculum must consider the learners themselves more implicitly in content creation (e.g. their principles and psychological development) as well as their needs [39] .
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Comparison of knowledge and attitude changes by school level between model school and short-term program
As a result of operating a 13-session model school and a one-time educational program to compare levels of knowledge and attitude regarding nuclear power generation, medical radiation, and irradiated food by school level, it was found that there were statistically significant differences in educational effects. High school students in the one-time program showed higher levels of knowledge and a more positive attitude than students in elementary and middle school who participated in the same program. The level of positive attitude toward nuclear power in the 13-session model school was higher with statistical significance for middle school students than participants in elementary and high school levels. In most areas, elementary school students showed lower levels of knowledge and attitudes than middle and high school students as shown in Table 4 . As such, the 13-session model school may be seen as more effective for middle school students, while one-time education may be more effective for high school students.
Conclusion
To prevent future generations from making biased policy decisions stemming from fear regarding nuclear power generation and radiation, it is necessary to bolster their value judgments in policy decisions by acquiring sufficient information about nuclear power through educational programs.
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As a result of operating curricula that meet students' needs in the form of the 13-session model school and one-time program, it was found that both methods had educational effects, and the model school was relatively more effective, especially for middle school students. As such, this 13-session program is desirable if the host school provides a sufficient educational environment. Operating a one-time program, then, would be the alternate choice if the conditions for the model school cannot be met. These programs can help students make proper value judgments about nuclear power generation and radiation, though a curriculum will not be effective if it is merely well-planned; rather, significance can only be achieved when concepts are actually applied in class [40, 41] . Therefore, it would be possible to operate efficient curricula by applying the educational contents and methods verified in this study to creative work-study programs, a free semester system and club activities across school levels.
